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DESCRIPTION 
Method and device for simulating wearing of a knit garment 
on a human model and program thereof 

TECHNICAL FIELD 

[0001] The present invention relates to virtual wearing, by a human model, of a knit 
garment such as a seamless tubular-shaped knit garment or the like. 

BACKGROUND ART 

[0002] "The Art of Knitted Fabrics, Realistic & Physically Based Modeling of Knitted 
Patterns" (EUROGRAPHICS '98, Vol. 17, (1998), Number 3) discloses a method of 
three-dimensionally simulating the shape of a knit garment. In this knit garment, 
assume that the stitches of the knit garment as material points are connected with one 
another via springs, and an equation of motion of the stitches is solved to simulate the 
form of the garment three-dimensionally. However, how the knit garment is applied to 
the human model is not disclosed. 

Japanese Patent Application Laid-Open No. H9-273017 proposes a method of 
expanding and wearing a garment to fit it over a human body on the simulation of 
stretchy garments such as swim wears. 

Japanese Patent Application Laid-Open No. H8-44785 proposes a method in 
which a garment is split into a plurality of pieces and each piece is caused to collide 
with a human body to simulate a state in which the garment is worn. 
[0003] The inventors have discovered that the stitch arrangement in a virtual knit 
garment is distorted when the knit garment is applied to a human model by using a 
relatively simple model. It is considered that the stitch arrangement is not distorted 
during the process of attachment if a stable stitch position is obtained by connecting the 
stitches with one another via virtual springs, as described in "The Art of Knitted Fabrics, 
Realistic & Physically Based Modeling of Knitted Patterns" (EUROGRAPHICS '98, 
Vol. 17, (1998), Number 3). However, "The Art of Knitted Fabrics, Realistic & 
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Physically Based Modeling of Knitted Patterns" (EUROGRAPHICS '98, Vol. 17, 
(1998), Number 3) does not disclose how the knit garment is applied to 
three-dimensional human model. It is considered difficult to obtain the stable stitch 
position while moving a number of stitches connected with one another along the 
surface of the three-dimensional human model, hence a significant amount of 
calculation is considered to be required. Further, Japanese Patent Application 
Laid-Open No. H8-44785 relates to a woven fabric, thus a distortion of stitch 
arrangement during attachment of the fabric does not have to be considered. 
[0004] The swimming wear described in Japanese Patent Application Laid-Open No. 
H9-273017 has a shoulder strap at the tubular part of the torso but does not have the 
parts for body and sleeves as in a general garment. A knit garment with a body and 
sleeves, and a knit garment such as a pair of pants or slacks are not applied to one 
cylinder in the form of a torso, but are applied to a complex human model with a torso 
and arms or with a torso and legs. Therefore, wearing of a knit garment becomes 
complicated, and the stitch arrangement therein easily becomes stiff and unnatural. 

DISCLOSURE OF THE INVENTION 

[0005] An object of the present invention is to apply a virtual garment having a 
number of stitches to a human model with a plurality of axes, with relatively a small 
amount of calculation using a reliable model. 

A secondary object of the present invention is to simply and realistically 
simulate a state in which the sleeves are applied to arms. 

A secondary object of the present invention is to remove gaps which are 
generated when the directions of movement of the virtual knit garment differ depending 
on the axis of the human model when the knit garment is worn. 

The secondary object is achieved by rearranging the stitch arrangement in 
natural positions after the knit garment is worn. 

[0006] A method for simulating wearing of a knit garment on a human model 
according to the invention comprises the steps of: 
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providing the human model with a plurality of axes; 

matching each of the parts of the virtual knit garment with any of the plurality 

of axes; 

temporarily positioning the virtual knit garment with respect to the human 
model; and 

shrinking/expanding the temporarily positioned virtual knit garment toward the 
axis matched with each of the parts so that the virtual knit garment is applied to the 
human model. 

[0007] A device for simulating wearing of a knit garment comprises: 

storage means for three-dimensionally storing a plurality of axes of a human 
model and positions and directions of a plurality of polygons on a surface of the human 
model; 

arranging means for temporarily arranging, within a three-dimensional space, a 
virtual knit garment, which comprises a plurality of parts and in which each of the parts 
is matched with any of the plurality of axes, so as to surround the axis matched with the 
part; and 

wearing means for shrinking/expanding the part toward the matching axis, 
matching each point of the part with a polygon intersecting with the shrinking and 
expansion direction, and wearing the virtual knit garment onto the human model. 
[0008] A program for simulating wearing of a knit garment comprises: 

a storing command for three-dimensionally storing a plurality of axes of a 
human model and positions and directions of a plurality of polygons on a surface of the 
human model; 

an arranging command for temporarily arranging, within a three-dimensional 
space, a virtual knit garment, which comprises a plurality of parts and in which each of 
the parts is matched with any of the plurality of axes, so as to surround the axis matched 
with the part; and 

a wearing command for shrinking/expanding the part toward the matching axis, 
matching each point of the part with a polygon intersecting with the shrinking and 
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expansion direction, and wearing the virtual knit garment onto the human model. 
[0009] In the method, device, and program for simulating wearing of a knit garment of 
the present invention, preferably, the human model comprises at least a torso and both 
arms, along with an axis for the torso and axes for the right and left arms, the virtual 
knit garment comprises a plurality of parts comprising at least a body and sleeves, each 
part is matched with any of the axes of the human model, and the temporal positioning 
is performed so that the axis passes through the inside of the matching part, both sleeves 
of the virtual garment are shrunk/expanded such that upper parts of the both sleeves 
contact with upper parts of the arms of the human model and spaces are provided at 
lower parts of the both sleeves with respect to the lower parts of the arms of the human 
model. 

[0010] Further, in the method, device, and program for simulating wearing of a knit 
garment of the present invention, preferably, after wearing the virtual knit garment to 
the human model, each of stitches of the virtual garment is rearranged along a course 
direction and wale direction of the virtual knit garment, whereby the distortions between 
the parts with different matching axes in the virtual knit garment are removed. This 
processing is sometimes called "approximate correction". 

[001 1] Moreover, in the method, device, and program for simulating wearing of a knit 
garment of the present invention, preferably, after wearing of the knit garment, each of 
the stitches of the knit garment is moved close to a surrounding mean position of the 
stitch to smooth the stitch position of the knit garment, and the smoothing is repeated. 
[0012] This specification focuses only on a knit garment, and "knit" is often 
abbreviated simply, and thus the knit garment is referred to as "garment". Further, 
only a virtual garment is focused, "virtual" is often abbreviated simply, and thus 
expressions such as "garment is applied", "garment is expanded" and the like are used. 
[0013] In embodiments, an example is shown in which the knit garment is expanded 
and the expanded knit garment is caused to shrink toward a human model before the 
knit garment is temporarily positioned. This is a model simulating a case in which a 
human expands and wears the garment. However, contrary to this model, after the knit 
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garment is applied to the human model, the garment may be moved toward an external 
side of the human model, and restrictions may be imposed such that the garment is 
moved until the peripheral length satisfies a predetermined condition. 
[0014] In the present invention, fitting of each part of the knit garment to a human 
body parts such as arms and torso is simulated by shrinking/expanding the part toward 
the axis of the human model. Therefore, such simulation can be performed with 
relatively a small amount of calculation on the basis of a concrete model. 
[0015] It is natural that upper parts of the sleeves are supported by upper parts of the 
arms and spaces are present on the arms at lower parts thereof. It is difficult to obtain 
the degree of sagging of the sleeves from the gravity acting on the sleeves. Therefore, 
during the process of shrinking and expansion of the sleeves, for example, the sleeves 
are shrunk/expanded so that the upper parts of the sleeve contact with the upper parts of 
the arms and space are provided with respect to the lower parts of the arm of the human 
model at the lower parts of the both sleeves. In this manner, the sleeves can be 
simulated without calculating deformation of the sleeves which is caused by the gravity. 
[0016] The knit garment is split into a plurality of parts, and these parts are 
shrunk/expanded toward a plurality of axes. Even for close stitches, the directions of 
movement thereof vary depending on the axes thereof during shrinking and expansion, 
whereby a large space is sometimes generated between the stitches. Therefore, after 
wearing the virtual knit garment to the human model, each of the stitches of the virtual 
knit garment is rearranged (roughly corrected) along the course direction and wale 
direction of the garment. Accordingly, the distortions among the parts with different 
matching axes in the virtual knit garment can be removed. 

[0017] In this processing, for example, a stitch between adjacent stitches (stitch to be 
roughly corrected) is moved toward the mean position between the adjacent stitches in 
the course direction and wale direction. In this case, it is not necessary to literally 
move the stitch to be roughly corrected to the mean position between the adjacent 
stitches, but it is only necessary to bring the stitch to be roughly corrected close to the 
mean position. Further, in the approximate correction in the course direction or wale 
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correction, a group of target stitches on a course or wale, e.g. all stitches on the course 
or all stitches on the wale, may be moved while keeping the distance between the stitch 
constant. For example, all stitches per course or per wale may be moved so as to be 
arranged evenly between both ends of the course or both ends of the wale. 
[0018] It is preferred that the approximate correction be performed, for example, one 
through ten times, and that the correction be performed only between the stitches in the 
same course or in the same wale without considering stitch positions on top and bottom 
course or stitch positions on top and bottom wale so that a stitch can be moved 
significantly at one approximate correction. Furthermore, in order to remove the 
distortions of the connections between the body and sleeves, in the approximate 
correction in the course direction, it is preferred that the stitch positions on the course 
only be corrected without correcting the straight or curved shape itself of the course. 
In the approximate correction in the wale direction, on the other hand, it is preferred to 
correct the shape itself of the wale which deviates significantly from the straight line by, 
for example, being pulled by a sleeve. These corrections can be performed by 
smoothing the curved shape of the wale to form an almost straight wale, and by 
bringing a stitch position close to the middle between a front and back stitches, the 
stitch position being perpendicular to the longitudinal direction of the wale. 
[0019] When wearing of the garment, the stitches are expanded or shrunk and 
embedded in concave and convex unit of the human model. By smoothing a stitch 
positions with reference to the surrounding stitches, the stitch arrangement becomes an 
almost natural arrangement. By repeating the smoothing to approximate the stitch 
arrangement to a stable value, the stitch arrangement is smoothed sufficiently and 
becomes a natural arrangement which remain unaffected by the simulation method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is a block diagram of the device for simulating wearing of a knit garment 
of the embodiments; 

Fig. 2 is a flowchart showing an outline of the method of simulating wearing of 
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a knit garment of the embodiments; 

Fig. 3 is a block diagram of the program for simulating wearing of a knit 
garment of the embodiments; 

Fig. 4 is a flowchart showing a preliminary deformation algorithm in the 
embodiments; 

Fig. 5 is a figure schematically showing a deformation of the collar in the 
embodiments; 

Fig. 6 is a flowchart showing a deformation algorithm of the collar in the 
embodiments; 

Fig. 7 is a flowchart showing wearing algorithm in the embodiments; 

Fig. 8 is a figure schematically showing axes of the torso and both arms of a 
human model used in the embodiments; 

Fig. 9 is a view schematically and horizontally showing wearing of the garment 
by shrinking the garment in a peripheral direction of the body with respect to the torso 
in the embodiments; 

Fig. 10 is a view schematically and vertically showing wearing of the garment 
by shrinking the garment in a peripheral direction of a sleeve with respect to an arm in 
the embodiments; 

Fig. 11 is a figure schematically and horizontally showing wearing of the 
garment by shrinking the garment in a peripheral direction of the collar with respect to 
the neck in the embodiments; 

Fig. 12 is a figure schematically and vertically showing the knit garment after 
wearing in the embodiments; 

Fig. 13 is a figure schematically showing a movement of a stitch toward a 
polygon in the embodiments; 

Fig. 14 is a figure schematically showing judgment of colliding polygons in the 
embodiments; 

Fig. 15 is a figure schematically showing the garment after the approximate 
correction is performed in a horizontal direction; 
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Fig. 16 is a figure schematically showing the garment after the approximate 
correction is performed in a vertical direction; 

Fig. 17 is a figure schematically showing the smoothing in the embodiments; 

Fig. 18 is a figure showing the garment from the front, after the smoothing is 
performed in the embodiments; and 

Fig. 19 is a figure showing the garment from the side, after the smoothing is 
performed in the embodiments. 

BRIEF DESCRIPTION OF THE SYNBOLS 

[0021] 
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Wearing simulation device 


4 


Garment design unit 
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Manual input unit 
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Display unit 


10 


Color printer 


12 


3D image storing unit 


14 


Data conversion unit 


16 


LAN interface 


18 


Disk drive 


20 


General-purpose memory 
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Preliminary deformation unit 


24 


3D deformation unit 


26 


Wearing unit 
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Approximate correction unit 
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Smoothing unit 
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Rendering unit 


40 


Wearing program 
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Preliminary deformation unit 
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Boundary detection unit 
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Region attributing unit 
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Smoothing unit 
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Collar deformation unit 
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3D deformation unit 
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Wearing unit 
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Axis storing unit 
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Polygon list 
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Vertex list 
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Tentative positioning unit 
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Collision polygon judgment unit 
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Stitch motion unit 
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Stitch data storing unit 
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Approximate correction unit 
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Horizontal correction unit 
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Vertical correction unit 
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90 Rendering unit 

91 Polygon normal direction correction unit 

92 Yarn model processing unit 100 Neck 100 
102 Shoulder 104 Torso surface 
106 Body 110 Arm surface 

112 Sleeve 1 1 4 Central axis of the sleeve 

116 Sleeve after shrinking 1 20 Neck surface 

1 22 Collar 130 Expanded tubular garment 

132 Body after wearing 1 34, 1 35 Sleeve after wearing 

136,137 Split line 140 Axis 

141 to 144 Polygon 146 Stitch before being moved 

147 Stitch having collided with polygon 

1 52 Body after approximate correction in the horizontal direction 

154, 155 Sleeve after approximate correction in the horizontal direction 

156 Line 158a to 158c Polygon 

159 Stitch to be judged 

160a Immediately preceding stitch on the same course 

1 60b Stitch of one preceding course on the same wale 

1 60c Stitch of one preceding course on the next wale 

1 60d Stitch of one preceding course on the second to next wale 

1 6 1 Stitch having not been j udged yet 

162 Body after approximate correction in the vertical direction 

164, 165 Sleeve after approximate correction in the vertical direction 

1 68 Approximate correction per wale in the vertical direction 

170 Own stitch 171 Parent stitch 172 Child 

stitch 

173 Right-hand adjacent stitch 174 Left-hand adjacent stitch 

1 76 Position relative to four neighboring stitches after smoothing 

B, C, D Point at collar B', C Point after moving 
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b Axis of torso ra Axis of right arm 

la Axis of left arm 



EMBODIMENT 

[0022] The best mode for carrying out the invention is described hereinafter. 
[0023] Fig. 1 through Fig. 19 shows the embodiments. Fig. 1 shows wearing 
simulation device 2 of the embodiments, in which the parts which are normally 
equipped in a knit design apparatus or 3D image processing apparatus are omitted. 4 
is a garment design unit, which designs a knit garment by means of inputs from a 
manual input unit 6, a LAN interface 16, a disk drive 18 and the like. A knit garment 
to be designed is, for example, a seamless tubular garment, but a garment with stitches 
may be used. In this case, designing is performed by the garment design unit 4 in 
consideration of information on how each part is sewn. A display unit 8 displays 
various images, and functions as a graphic user interface to display an image of a 
process of designing in the garment design unit 4 and an image after wearing the 
garment to a human model. A color printer 10 prints these images. 
[0024] 3D image storing unit 12 stores an image of the human body and 3D image of a 
designed knit garment. As a human model, for example, a mannequin, a figure 
simulating an actual human body, or the like is used. Such a human model is 
constituted as a collection of approximately several ten thousands of polygons, and has 
at least three axes matched with the torso and both arms. It is preferred that the 
polygons be classified into 10 through 20 groups. A data conversion unit 14 converts 
design data of the garment created by the garment design unit 4 to composition data. 
Target data for wearing simulation may be the composition data after conversion or the 
design data before conversion. The LAN interface 16 connects the wearing simulation 
device 2 to a LAN, the disk drive 1 8 drives an appropriate disk, and a general-purpose 
memory 20 stores various data. 

[0025] A preliminary deformation unit 22 deforms the data of the designed garment to 
a natural state. Here, "natural state" means a state in which, for example, the garment 
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is placed gently on a plane surface or a state in which the garment is gently placed 
vertically while supporting the gravity of the garment with the line of shoulders. 
[0026] It should be noted that this specification does not cover an actual garment but 
the design data of the garment. Therefore, image showing the design data and a virtual 
garment which simulates these images are referred simply as "garment". 
[0027] Furthermore, in this specification, the simulation device, simulation method, 
and simulation program are integrated. Therefore, the descriptions regarding the 
simulation device 2 apply to the simulation method and simulation program, and the 
descriptions regarding the simulation method and simulation program apply to the 
simulation device 2. 

[0028] For example, the preliminary deformation unit 22 deforms the collar of the 
garment, and this mode is described using wearing program 40 shown in Fig. 3 and 
preliminary deformation shown in Fig. 4. The explanations thereof apply to the 
preliminary deformation unit 22 shown in Fig. 1, suppose that functions required in Fig. 
3 or Fig. 4 are also provided in the preliminary deformation unit 22 shown in Fig. 1 . 
This point also applies to other parts in the wearing simulation device 2. 
[0029] 3D deformation unit 24 expands a body and both sleeves of garment 
comprising these three parts into an elliptic cylindrical shape. When considering other 
vertical expansions of the garment caused by the gravity, the 3D deformation unit 24 
expands the garment in these other vertical directions. Wearing unit 26 temporarily 
positions the garment with respect to the human model, shrinks/expands three parts of 
the body and both sleeves of the garment with respect to, for example, three axes of the 
torso and both arms, in the axial directions, to temporarily apply the garment to the 
human model. 

[0030] Distortions are generated on the garment due to wearing. For example, at the 
connection between the sleeve and body, the body moves toward the axis of the torso 
and the sleeve moves toward an axis of an arm, thus a large distance is generated 
between adjacent stitches (knitted stitch). Therefore, an approximate correction unit 
28 roughly corrects the stitch arrangement in two directions of a horizontal direction 
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(course direction) and a vertical direction (wale direction). For example, in the 
correction in the horizontal direction, the approximate correction is performed so that 
stitches are arranged evenly in the course direction or each stitch is arranged at a 
midpoint between stitches on both sides in the course direction. Since wale directions 
are no longer linear due to concave and convex units of a surface of the human body 
and connections between the body and sleeves, the approximate correction in the 
vertical is performed on a deviation of a wale direction from a vertical line. For 
example, suppose that the position of each stitch is a mean position between the front 
and back wales at the same wale. In the vertical and horizontal approximate 
corrections, restrictions are applied in a range of movement so that the stitches do not 
collide with the polygons. 

[0031] A smoothing unit 30 smoothes the stitch arrangement in the garment after the 
approximate correction, and moves each stitch to a mean position of, for example, four 
stitches, with consideration of the adjacent stitches at four positions of top, bottom, right, 
and left with respect to the abovementioned each stitch. Normally there are four 
stitches which are adjacent with one another at top, bottom, right, and left positions, but 
sometimes five stitches may be adjacent with one another at top, bottom, right, and left 
position in the case where two stitches at the bottom are overlapped on each other, and 
three stitches at top, bottom, and left, or top, bottom, and right may be adjacent to one 
another in the case of stitches at an end of a knitted fabric. The smoothing is 
preferably repeated until the stitch arrangement becomes stable and does not change. 
In order to express a case in which the garment is tightly fitted on the human model or a 
case in which the garment is large and loose for the human model, correction of the size 
of the garment is performed simultaneously, for example, with the smoothing. A 
rendering unit 32 assigns a model of a yarn to each stitch in the smoothed garment, and 
slides the stitch in a direction perpendicular to a polygon in accordance with the type of 
a face stitch or back stitch to increase the accuracy of a simulation image. 
[0032] To illustrate an outline of wearing simulation method in Fig. 2, a seamless 
garment or the like is designed by the garment design unit 4, the garment is deformed 
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by the preliminary deformation unit, and an image of the flat and natural garment is 
obtained. In solid deformation, the 3D deformation unit 24 expands each part of the 
garment into an elliptic cylindrical shape. At this moment the garment is expanded so 
that the length along the peripheral direction (course direction) thereof (peripheral 
length) increases. The shape of the ellipse and the like are defined appropriately so 
that the garment easily fits on the human model, but the shape of the ellipse may be a 
complete round in an extreme case. The number of the parts of the garment is at least 
three of the body and both sleeves, but these parts may be split to form more parts by 
adding, for example, tuck rib, collar, shoulder, pocket, fly, and the like. 
[0033] In wearing processing, the garment which is expanded into a elliptic cylindrical 
shape by means is solid deformation is temporarily applied to the human model, the 
distortions of the stitch arrangement caused by approximate correction during wearing 
are removed, and the stitch arrangement is further smoothed by means of the smoothing 
processing. Thereafter, by means of rendering, a visual beauty is added to the image to 
obtain an image suitable for outputting to the display unit 8 or printer 10. It should be 
noted that the smoothing and the rendering may be performed simultaneously. 
[0034] Fig. 3 shows an outline of the wearing program 40, in which the programs 
required in garment design or the programs required in normal 3D image processing are 
omitted. 42 is a preliminary deformation unit, and uses a boundary detection unit 43 to 
detect a boundary of each part of the garment, whereby the garment is split into parts 
such as a body, right sleeve, left sleeve, back collar, front collar, tuck rubber, and the 
like, and each stitch of the garment is applied to these parts (part name) as attributes by 
a region attributing unit 44. As a result, each stitch and each unit (part) are matched 
with each other. 

[0035] A smoothing unit 45 smoothes the design data of the garment into a natural 
form. Accordingly, each stitch is added with a natural size, and both sleeves are 
inclined to the body, whereby the shape of each part is formed into a natural shape. A 
collar deformation unit 46 levels (lays down) a front collar and deforms the collar so 
that a back collar comes around the front collar side. The detail of collar deformation 
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is described with reference to Fig. 5 and Fig. 6. 

[0036] 3D deformation unit 50 virtually expands the garment into an elliptic 
cylindrical shape. Wearing unit 52 stores the position of each axis of the human model 
in an axis storing unit 53. Further, a polygon list 54 stores a list of polygons on the 
surface of the human model. The number of polygons is, for example, approximately 
several ten thousand. Each polygon is a triangle or square, for example, and data of 
the polygons include a polygon number, 3D coordinate of the vertex of each polygon, 
normal vector, and the like. The polygons are classified into each part such as a torso, 
right arm, left arm, neck, and the like, and preferably classified into 1 0 through 20 types 
of groups when simulating, for example, a sweater or the like. Moreover, in order to 
clearly understand the relationship between adjacent polygons, an vertex list 55 may be 
provided to store the list of polygon numbers which shares an vertex, for an vertex of a 
polygon. 

[0037] A tentative positioning unit 56 temporarily positions each part of the garment 
with respect to the human model before wearing the garment to the human model. At 
this moment, the garment is already expanded by the 3D deformation unit 50. A 
collision polygon judgment unit 57 matches each stitch to a polygon. When a stitch is 
on the external side of the human model, a foot of a perpendicular is dropped from the 
stitch with respect to an axis matched with a part to which this stitch belongs, and this 
perpendicular judges a colliding polygon. When the stitch is on an internal side of the 
human model, the perpendicular which is dropped from the stitch to the axis is 
elongated, and a colliding polygon is judged. Mostly, the number of stitches is ten 
thousand or more in the case of a sweater, thus, by splitting the polygons into groups, 
the number of polygons that may collide is reduced by approximately 1/10 through 1/20, 
and judgment of colliding polygons is made efficient without using best-subset selection 
as much as possible when judging which polygon collides. 

[0038] A stitch motion unit 58 moves each stitch toward a polygon obtained by the 
collision polygon judgment unit 57 so as to obtain a position at which each stitch 
collides with a polygon and rebounds slightly in the original direction or a state in 
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which a stitch is placed outside a polygon and the garment is virtually applied to the 
human model. The garment has its natural size which is determined according to the 
number of stitches and the size of each stitch, and the garment which is expanded by 
stretching the peripheral length should shrink until the peripheral length becomes its 
natural size. Therefore, a stitch is moved while monitoring the number of stitches per 
length and the like, shrinking of the garment is stopped when the stitch collides with a 
polygon, and the shrinking is stopped when the number of stitches per length in the 
course direction reaches a predetermined value, even when the stitch does not collide 
with a polygon. 

[0039] The process before wearing is to form the garment into a relatively natural 
shape by means of the preliminary deformation, expand the garment by means of the 
solid deformation, shrink the garment to achieve a size which is more natural than that 
of before wearing, and apply the garment to the human model. This processing is a 
model a process in which a garment which is expanded by putting a torso and arm 
therethrough when wearing the knit garment is caused to shrink to fit with the human 
body. 

[0040] How the stitch data is handled in such processing is described using a stitch 
data storing unit 60. A stitch is applied with attributes such as a stitch number and a 
matching part name, and a numbers of a parent stitch, child stitch, and an adjacent stitch 
on each side are stored as the stitch data. It should be noted that the parent stitch is a 
stitch which holds, for example, its own sinker loop (a following stitch after a course), 
and the child stitch is, for example, a stitch below one course. 

[0041] Further, types of a stitch such as the presence a face stitch/back stitch, racking 
and the like are stored for each stitch. By moving a stitch to the vicinity of a surface of 
a polygon, the stitch is added with a three-dimensional coordinate (3D position). A 
direction in which the surface containing a loop of the stitch is parallel to a surface of a 
polygon and is perpendicular to the stitch is stored as a normal vector of the polygon. 
Further, since a stitch is matched with a polygon, a polygon number to which each stitch 
belongs is stored, and, for example, an average of approximately one through ten 
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stitches are matched with one polygon. Data of a yam as a material of the garment is 
stored for each stitch or each group of stitches, and the detail of the yarn data is applied 
by a yarn model. 

[0042] An approximate correction unit 70 comprises a horizontal correction unit 71 
and a vertical correction unit 72, and approximate correction is performed 
approximately one through several times in a horizontal direction and a vertical 
direction. A smoothing unit 80 is provided with, for example four-neighbor correction 
unit 81, wherein, for each stitch, four proximate stitches at its major, minor (top and 
bottom), right and left position are used to smooth these positions. When moving the 
stitch toward an axis, the movement may be ended when the peripheral length of each 
course of the garment remains longer than the natural peripheral length, and thereafter 
the garment may be caused to shrink. In this case, a shrinking and expansion unit 82 is 
provided to shrink or expand the garment until the size of each stitch becomes a realistic 
size after the approximate correction. 

[0043] A rendering unit 90 subjects the garment obtained after the smoothing to 
rendering simultaneously with the smoothing. First, using a polygon normal direction 
correction unit 91, the position in a normal direction of a polygon is corrected in 
accordance with the type of a stitch (type of a stitch) such as a face stitch or back stitch 
of each stitch. For the position in the normal direction of the polygon, the polygon 
surface is se to 0 and the external side of the human model is set to +. For example, in 
the case of a rib knitted fabric, a face stitch is positioned higher than a back face from a 
polygon. In this manner, the three-dimensional shape of the garment is corrected in 
accordance with a knit network. Moreover, using a yarn model processing unit 92, a 
yarn model is applied to each stitch. For example, if each yarn is constituted from two 
parts of a core and fluff, 3D image of each stitch is configured from a core and fluff and 
allowed to have a concrete color tone and thickness. Thereafter, appropriate shading is 
applied so that simulation of a garment having a three-dimensional appearance and 
shadows can be performed. 

[0044] Fig. 4 shows an algorithm of preliminary deformation, wherein boundaries 
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between the parts such as the sleeves and body of the garment are detected, and a 
natural deformation such as bending is applied to the sleeves and body in response to a 
result of the detection. Since the boundaries between the parts are detected, units as 
attributes can be applied to the stitches. Further, the collar is deformed as shown in 
Fig. 5 and Fig. 6. In Fig. 5, 94 is a front collar and 96 is a back collar. Points B, C at 
both ends of the front collar 94 are directed in a direction perpendicular to a dropping 
line of the collar and are rotated from a base point of the collar. In this manner, the 
points B, C are moved to points B', C\ Furthermore, when leveling the front collar 94 
the back collar 96 also deforms in response thereto. 

[0045] In the deformation algorithm of the collar, the front collar 94 is first leveled, 
and then, if it is laid down excessively, it is formed into a natural collar shape. The B 
point is moved to the B' point and the C point to the C point. Thereafter, for each 
course running from a lower side to the upper side of the front collar 94, a course length 
a in a state of the leveled collar as shown in Fig. 5 is compared with a course length p 
which is predicted from the number of stitches in each course and the diameter of a yarn. 
If the course length a is shorter than the course length P, it means that the collar is laid 
down excessively, thus the next course is raised to raise the collar such that the prior 
course overlaps with a perpendicular direction. If the course length a is longer than 
the course length P, it means that the collar is leveled naturally as shown in Fig. 5, thus 
no correction is added to this course. When performing this processing in all courses, 
the front collar 94 can be leveled as shown in Fig. 5 and the back collar 96 can be bring 
around the front collar 94. Thereafter, for example, the stitch arrangement is smoothed 
so that a stitch in the middle between the top, bottom, right, and left adjacent stitches 
comes to the mean position of these adjacent stitches. 

[0046] A process of temporarily wearing the garment to the human model is explained 
using Fig. 7 through Fig. 12. As shown in Fig. 8, the human model has at least three 
axes of a torso b, right arm ra, and left arm la. Although these axes are straight line, 
they may be curved. An intersection of these three axes corresponds to a neck 100, 
and a lower part thereof corresponds to a shoulder 102. 104 in Fig. 9 is a torso surface 
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when viewed horizontally, which is constituted actually from a number of polygons. A 
body 106 which is expanded by means of solid expansion is in the form of an elliptic 
cylinder and arranged so as to encompass the torso surface 104. The body 106 is 
temporarily arranged in a position substantially proper with respect to the torso by 
means of the tentative positioning unit 56. Each stitch of the body 106 is caused to 
shrink toward the axis b of the torso and collides with a polygon, and the shrinking is 
stopped when the stitch collides with a polygon or once the number of stitches per 
length reaches a predetermined value. When a part of a stitch of the course is 
supposedly positioned on an inner side of the polygon due to the unevenness of the 
torso surface, the stitch moves away from the axis to come outside of the polygon, and, 
when the number of stitches per length reaches a predetermined value, expansion of the 
stitch stops. 

[0047] 110 in Fig. 10 is an arm surface, 112 is a sleeve, and a central axis 114 of the 
sleeve is positioned substantially on, for example, a lower side from the axis of the arm 
such as the right arm axis ra. From this point, when the sleeve 1 12 is caused to shrink 
as indicated with the arrows in Fig. 10, an upper part of a sleeve after shrinking 116 
substantially fits on an upper part of the arm, forming a space between a lower part of 
the sleeve and the arm. By arranging the central axis 1 14 of the sleeve on substantially 
a lower side from the axis of the arm and causing the sleeve to shrink, the upper part of 
the sleeve contacts with the arm, and the lower part of the sleeve drops to form a natural 
shape thereof. Besides these steps, the shrinking speed in a vertical direction of the 
sleeve may be changed to change the speed of upward shrinking from the lower side of 
the sleeve may be reduced. In this case, the axis 114 may be arranged in the same 
position as the axis ra or the like. 120 in Fig. 11 is a neck surface. The torso axis b 
penetrates, for example, the center of the neck surface and, as in the case of the body, a 
collar 122 is caused to shrink in the direction of the arrows shown in Fig. 1 1 . 
[0048] Fig. 12 shows a state in which a garment is temporarily worn, wherein 130 is 
an expanded tubular garment before worn. When the garment is worn as shown in Fig. 
7 through Fig. 11, a body 132 and axes 134, 135 after wearing are obtained. In the 
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units of split lines 136, 137, the stitch of the body and the stitches of the axes before 
worn are adjacent to each other. However, the stitch of the body shrinks in the 
horizontal direction of Fig. 12, and the stitches of the axes shrink obliquely upward in 
Fig. 12, thus a large space is generated between the adjacent stitches at the units of the 
split lines 136, 137. Accordingly, each part of the garment is shrunk/expanded toward 
the matching axis, thus distortions are generated at boundary units between parts. 
[0049] Fig. 13 shows judgment of polygon colliding to each stitch. 140 is an axis 
matched with a part, 141 through 144 are polygons, and an edge of a boundary between 
the polygons is shown with a black circle. A stitch 146 before movement is moved 
along a direction of a perpendicular dropped to the axis 140, and the polygon 142 
through which the perpendicular passes is a colliding polygon. There is a limit in the 
movement of the stitch 146 such that the stitch does not shrink smaller than the natural 
peripheral length of a course. When the stitch collides with the polygon 142 in this 
limit, the stitch rebounds slightly toward a direction of, for example, the stitch before 
movement, and moves to a position of a stitch 147 which collides with a polygon. 
Even when splitting several ten thousands of polygons into approximately 10 through 
20 groups, the number of polygons per part is in at least one thousand, thus it is 
inefficient to use best-subset collection to detect which polygon is collided. Therefore, 
in the algorithm shown in Fig. 7, by means of best-subtle selection, for example, or by 
means of an appropriate searching rule, a polygon which collides with the first stitch of 
each part is judged. Regarding the subsequent stitches, a polygon with which an 
immediately before stitch, a stitch below one course, or a stitch above one course 
collides is considered first as a colliding polygon candidate. When this colliding 
polygon candidate is not collided, the scope of searches for other polygons is expanded. 
In this manner, judgment of colliding polygons is performed efficiently. 
[0050] Fig. 14 shows an example of the polygon judgment, wherein 158a through d 
are polygons, and the course direction for composition runs from the right to the left. 
Since tubular composition is made on the periphery, the course direction is constant. 
Black circle stitches indicate that which polygon is collided is already judged, and while 
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circle stitches indicate that which polygon is collided is not judged yet. In this 
example a polygon with which a stitch 159 collides is searched. First, a polygon 
which collides with a stitch 160a positioned immediately before the same course is 
taken as a candidate, and whether the stitch collides with this polygon or not is judged. 
If the stitch does not collide, in the previous course of this course a polygon which 
collides with a stitch 160b on the same wale is taken as a candidate, and whether this 
stitch collides with this polygon is judged in the same manner. When the stitches 160a 
and 160b collide with a polygon different from the one which collides with these 
stitches, the rest of the polygon may be found by means of best-subset selection in an 
appropriate order, or a candidate of a polygon colliding with a stitch 160c on the next 
wale at the previous course or the stitch 160d on the next but one wale may be 
continuously searched. In the judgment of colliding polygons, a polygon with which 
the nearest stitch collides is taken as a candidate. 

[0051] In Fig. 15, 152 is a body which is subjected to the approximate correction in 
the horizontal direction, and 154 and 155 are sleeves which are subjected to the 
correction in the horizontal direction. In the approximate correction in the horizontal 
direction, stitches are rearranged along each course of the sleeves and body, wherein, for 
example, the stitches are arranged at regular intervals, or each stitch is rearranged so 
that the space between both right and left stitches is constant. According to these rules, 
each stitch is moved in the course direction. As a result, the stitch moves in the course 
direction so that the stitches of the body embeds the units of the split lines 136 and 137 
shown in Fig. 12, and a gap generated between the sleeve and body is embedded. 
[0052] The arrangement of the wale of the boundaries between the sleeves and the 
body in Fig. 15 is unnatural. In addition, since various concave and convex units are 
formed on the human model, the approximate correction is performed along the wale 
direction (vertical direction). 162 in Fig. 16 is a body after subjected to the 
approximate correction in the horizontal direction, and 164 and 165 are sleeves after 
subjected to the approximate correction in the vertical direction. For each wale of each 
part, a model is used in which a stitch attempts to approach the middle of two top and 
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bottom stitches with respect to a vertical direction and a direction within a horizontal 
plane perpendicular to this vertical direction, the approximate correction is added in a 
vertical direction. At this moment, when the stitch collides with a polygon during the 
process of correction, rules are added such as changing the destination to a position 
where the stitch does not collide or the stitch cannot be moved. These rules apply in 
the approximate correction in a horizontal direction. 168 in Fig. 16 indicates the 
approximate correction in the vertical direction for one wale, and indicates one wale of 
the body in the vicinity of the connection between the sleeve and the body. The 
approximate correction is added in the vertical direction in this manner. The 
approximate correction is performed once in each of the horizontal and vertical 
direction in this embodiment, but the approximate correction is repeated a plurality of 
times according to need to remove the distortions generated due to wearing of the 
garment. 

[0053] Fig. 17 shows smoothing of the stitch after the approximate correction. 170 is 
an own stitch, 171 is a parent stitch (stitch next to one course (top) in the same wale), 
172 is a child stitch (stitch below one course on the same wale), 173 is a right adjacent 
stitch, and 174 is a left adjacent stitch. The position of each stitch is indicated by the 
position of, for example, a needle loop, the position of the parent stitch is defined by, for 
example, the position of a sinker loop, and the arrangement of the jump stitch between 
the right and left stitch in the same course becomes clear if the position of the own stitch 
and the positions of he right and left stitches are found. 

[0054] The own stitch 170 is moved to the mean position of the four proximate 
surrounding stitches 171 through 174, and 176 is a position subjected to the smoothing 
with respect to the top, bottom, right, and left four proximate stitches. The smoothing 
is performed, for example, from one end to the other end of each course of the garment 
of from, for example, an upper course to a lower course of the garment. Moreover, the 
smoothing is not performed for a course such as the lowest end course or the top most 
end course in which the four proximate stitches do not exist. Alternatively the own 
stitch is moved to the mean position between the right and left stitches. Here, the 
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smoothing of the top, bottom, right, and left four proximate stitches is performed, but 
other top, bottom, right and left four stitches may be added in an oblique direction to 
perform the smoothing using surrounding eight proximate stitches. The smoothing is 
performed approximately a hundred through ten thousand times, and whether to 
perform convergence judgment on stitch positions during this numbers of smoothing 
processes is optional. By moving the virtual garment toward, for example, the axes of 
sleeves and the axis of torso, performing the approximate correction to remove the 
distortions caused by moving the garment, and due to the unevenness formed on the 
human model, the stitch arrangement has some unnatural points. The stitch positions 
are smoothed by repeatedly smoothing the top, bottom, right and left four proximate 
stitches. 

[0055] The size of a stitch in a horizontal direction (the size in a course direction) is 
expanded by expanding the body or sleeves, the garment is virtually applied to the 
human model, and the peripheral length is caused to shrink toward the length which is 
predicted from the yarn diameter or the number of stitches, whereby the size in the 
horizontal direction is substantially a natural size. When, for example, the garment 
collides with the human model and cannot shrink sufficiently, this size is larger than the 
size predicted from the diameter of a yarn constituted from four yarns, and in other 
cases, the size is a size which is predicted from the diameter of the yarn constituted 
from four yarns. At the same time when the smoothing is performed, the size of the 
stitch in the horizontal direction may be proximate to a natural size which is predicted 
from the yam diameter and the like. The size of a stitch in a vertical direction is made 
substantially natural by means of preliminary deformation, and is slightly changed when 
moving toward the axes of torso and arms. In the approximate correction, the 
positions of the cuffs or the position of the tuck of the body (positions along the axes of 
arms and torso) may be fixed or unfixed. Moreover, for example, when the positions 
of the cuffs or the position of the tuck are not fixed, the size of the stitch in the vertical 
direction may be proximate to a natural size which is defined from the yam diameter or 
composition conditions, at the same time when the smoothing is performed. 
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[0056] Next, after the smoothing is ended or at the same time when the smoothing is 
performed, the height of a stitch corresponding to a polygon is corrected. The height 
of a stitch corresponding to a polygon is indicated by the position of the normal 
direction of the polygon, which is a standard of the polygon surface. When the face or 
back continues with the parent stitches and child stitches, that is, when face/face or 
back/back continues along a wale direction, the position of the direction of the polygon 
normal line of the own stitch is brought close to the position of the direction of the 
polygon normal line of the parent stitch. When the face stitch is the parent stitch and 
the back stitch is the own stitch, the position of the direction of the polygon normal line 
of the own stitch is made higher than the parent stitch by the thickness of the yarn. On 
the other hand, when the back stitch is the parent stitch and the face stitch is the own 
stitch, the position of the direction of the polygon normal line of the own stitch is made 
lower than the parent stitch by the thickness of the yarn. In this manner, the height of 
each stitch is made natural with respect to the surface of the human model to express the 
heights different in accordance with the types of face stitch/back stitch. 
[0057] By smoothing the stitch arrangement, each stitch is expressed using a yarn 
model constituted from, for example, a yarn main body and fluff. When the yarn main 
body and the fluff are translucent, and the thickness, color, reflectance, texture, and the 
like are defined by the yam model, the yarn main body and fluff are arranged along the 
positions of a needle loop, sinker loop, and right and left adjacent loops of each stitch 
defined by the smoothing. 

[0058] Fig. 18 and Fig. 19 show a simulation image of the knit garment after the 
smoothing. In the embodiments, calculation of the gravity of calculation of movement 
of a stitch caused by stress acting on the yarn are not performed. Further, in a model 
used here is configured simple such that the garment is deformed into a natural state, 
expanded, shrunk toward the axes of the human model, and applied to the human model. 
In the subsequent processing the stitch positions are roughly corrected by means of the 
approximate correction and are rearranged so that the space between stitches is made 
even in the smoothing. In such processing, no artificial assumption is used, and the 
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outcomes obtained after the garment is worn can be simulated with a simple model 
without using any artificial assumptions. 

[0059] The following effects can be achieved in the embodiments. 

(1) Using relatively simple calculation procedures and a simple model, the garment 
can be applied to the human model. 

(2) By applying each stitch with part name (unit), processing can be performed as 
to toward which axis the stitch shrinks. 

(3) Using the information on the boundary between the parts, the sleeves can be 
bent naturally with respect to the body. 

(4) Matching stitches with polygons can be performed efficiently without using 
best-subset selection. 

(5) By shrinking the expanded garment, the garment can be applied to the human 
model in a natural size. 

(6) By using relatively simple procedures, the sleeves which are supported 
vertically unevenly by the arms can be realized. 

(7) The distortions which are caused by moving stitches toward the three axes for 
the torso and arms can be removed by performing the approximate corrections in the 
horizontal direction and vertical direction. 

(8) By repeating the smoothing of the stitch arrangement, the stitches can be 
rearranged in natural and stable positions. 

(9) By moving a stitch in a normal direction of a polygon in accordance with the 
type of face/back stitch, and by expressing the stitch in detail using a yam model, the 
quality of the simulation image can be improved. 

In the embodiment, wearing of the garment described as an example, but a pair 
of pants or slacks, or a dress may be used. For example, in the case of a pair of pants 
or slacks, three axes of the torso and both legs may be used. A part such as a 
turtleneck with a lapel may be folded when performing, for example, preliminary 
deformation. 
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